Summary Glucose transport and GLUT1 expression were studied in fibroblasts from 7 lean and 5 obese non-insulin-dependent diabetic (NIDDM) subjects with at least 2 NIDDM first-degree relatives and from 12 lean and 5 obese non-diabetic subjects with no family history of diabetes. The obese individuals also had a strong family history of obesity. Fibroblasts from all of the subjects exhibited no difference in insulin receptor binding, autophosphorylation, and kinase and hexokinase activity. At variance, basal 2-deoxyglucose (2-DG) uptake and 3 H-cytochalasin B binding were 50 % increased in cells from individuals with NIDDM (p < 0.001) and/or obesity (p < 0.01) as compared to the lean non-diabetic subjects. Insulindependent (maximally stimulated -basal) 2-DG uptake and cytochalasin B binding were decreased three-fold in cells from the diabetic and/or obese subjects (p < 0.01). GLUT1 mRNA and total protein levels were comparable in fibroblasts from all the groups. However, basal GLUT1 cell-surface content was 50 % greater in fibroblasts from the NIDDM and/or obese subjects as compared to the lean nondiabetic individuals while insulin-dependent GLUT1 recruitment at the cell surface was diminished threefold. Increased basal GLUT1 content in the plasma membrane was also observed in skeletal muscle of 4 NIDDM and 3 non-diabetic obese individuals (p < 0.05 vs the lean non diabetic subjects). Basal 2-DG uptake in fibroblasts from diabetic/obese individuals and lean control subjects strongly correlated with the in vivo fasting plasma insulin concentration of the donor. A negative correlation was demonstrated between the magnitude of insulin-dependent glucose uptake by the fibroblasts and plasma insulin levels in vivo. We conclude that a primary abnormality in glucose transport and GLUT1 cell-surface content is present in fibroblasts from NIDDM and obese individuals. The abnormal GLUT1 content is also present in skeletal muscle plasma membranes from NIDDM and obese individuals. [Diabetologia (1997) 
40: 421-429]
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abnormal genes converges and directly determines molecular alterations commonly found in the insulin resistance of NIDDM and obesity is unclear.
GLUT1 is believed to be normally responsible for non-insulin-dependent glucose transport in cells [12, 13] although there is also evidence indicating that its cell-surface content or function may influence the activity of the major insulin-responsive GLUT4 transporter in insulin target tissues [13, 14] . Non-insulindependent glucose uptake appears to be depressed in isolated adipocytes [15, 16] but not in skeletal muscle preparations from NIDDM individuals [17] . Abnormalities in GLUT1 mRNA and total cell protein levels have not been detected in muscle [18] or in fat cells [19] from NIDDM individuals, and primary alterations in glucose transport in NIDDM could not be demonstrated in cultured fibroblasts which largely express GLUT1 as a glucose transporter [20, 21] . In all of these studies, however, potential gene dose effects [22] were not taken into account since no selection was undertaken for subjects with a family history of NIDDM. In addition, the analysis of glucose transport in fibroblasts was performed under culture conditions resulting in marked GLUT1 upregulation [20, 21, 23] . Evidence is also available that, in vivo, non-insulin-dependent glucose uptake is abnormally elevated in forearm muscles of NIDDM subjects as compared to non-diabetic individuals at the same blood glucose levels [24] . Finally, in muscle from animal models of obesity and insulin-resistance, elevated GLUT1 levels have been demonstrated at the cell surface [25] . Thus, the function of GLUT1 in NIDDM needs further investigation.
In the present work, this issue has been addressed using cultured skin fibroblasts from NIDDM and obese individuals with at least two first-degree relatives affected.
Materials and methods
Materials. Dulbecco's modified minimum essential medium (DMEM) was purchased from GIBCO (Grand Island, N. Y., USA). Gel electrophoresis, dot blot and Western blot reagents were from Bio-Rad (Richmond, Calif., USA), and radioactive materials from Amersham (Arlinghton Heights, Ill., USA). The GLUT1 probe was generously provided by Dr. G. I. Bell, Howard Hughes Medical Institute, The University of Chicago, Ill., USA. Sulfo-NHS-LC-Biotin was from Pierce (Rockford, Ill., USA), GLUT1 mAb from Biogenesis (Sandown, N. H., USA), receptor mAb-3 from Oncogene Science (Manhasset, N. Y., USA), as was a 1 Na + /K + ATPase. All other chemicals were from Sigma (St. Louis, MO, U. S. A.).
Subject selection, fibroblast cultures, and skeletal muscle sampling. Patients were selected from the clinic after being diagnosed with NIDDM (according to NDDG criteria [26] ) for over 2 years and for having at least 2 first-degree relatives with NIDDM. All of them were over 30 years and had not been treated with insulin during the first 2 years after diagnosis. Similar to the diabetic patients, 4 out of 5 obese NIDDM patients and all of the obese patients with normal glucose tolerance had at least 2 obese first-degree relatives. The remaining obese NIDDM subject had one grossly obese parent (body mass index > 40). Non-diabetic subjects had no glucose intolerance [26] or family history of diabetes and/or obesity. Informed consent was obtained from all of the subjects. Clinical data of the lean and obese subgroups are reported in Table 1 . Shoulder skin fibroblasts were obtained by punch biopsy and cultures established as previously described [27] . The cells were grown at 37°C in DMEM supplemented with 10 % fetal calf serum in a 5 % CO 2 -95 % air humidified atmosphere. Cultures were used for experimental procedures between the 8 th and 15 th passage, and, for each individual experiment, the cells were maintained in culture for an equal number of generations before being used since glucose consumption and transport progressively declines at increasing fibroblast passage number. All of the muscle specimens ( ∼ 1.5 g each) used in the present study were obtained from anaesthetized patients (general anaesthesia) undergoing abdominal or orthopedic surgery. All of the patients were starved for 16 h and were receiving glucose infusion at the time of biopsy. The specimens were from 5 of the lean non-diabetic fibroblast donors (2 from vastus lateralis, and 3 from rectus abdominis), from 4 of the lean NIDDM donors (3 from rectus abdominis, and 1 from vastus lateralis), and from 3 obese nondiabetic donors (from vastus lateralis). Immediately after biopsy, the tissue was rinsed and dissected free of 
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I-insulin binding, insulin receptor phosphorylation and kinase activity were determined as reported previously [28] . For 3 H-cytochalasin B binding experiments, fibroblast plasma membranes were first obtained as detailed previously [28] , and assessing the reproducibility of the fractionation procedure as described [28] . D-glucose-inhibitable 3 H-cytochalasin B binding to plasma membranes was then determined in the presence or the absence of cytochalasin E and analysed as described previously [28] .
Determination of 2-DG and AIB uptake and hexokinase activity. The uptake of 2-deoxy-D-glucose (2-DG) was measured as reported previously [28] . Briefly, confluent cells were incubated with minimal essential medium (MEM) supplemented with 0.5 % albumin for 18 h at 37°C in a 5% CO 2 atmosphere. The medium was aspirated and the cells further incubated for 1 h with glucose-free MEM containing 0.5 % albumin. More prolonged glucose starvation as described [20, 21] minimized the differences in basal glucose transport between the NIDDM/obese and lean control individuals described in the present paper. Cytochalasin B (50 m mol/l) was used to estimate carrier-independent uptake.
14 C-a aminoisobutyric acid (AIB) uptake was determined as previously reported [28] . Hexokinase activity in fibroblast homogenates was determined as described previously [29] .
Determination of GLUT1 mRNA and total cell protein levels.
Total cellular RNA was prepared as described previously [30] . Detection of cell-surface and low-density microsome GLUT1 transporters. Confluent fibroblast monolayers were incubated for 45 min at room temperature in serum-free DMEM supplemented with 0.25 % bovine serum albumin and 100 nmol/l insulin. Cells were then washed three times with ice-cold phosphate buffered saline (PBS) containing 0.1 mmol/l CaCl 2 and 1 mmol/l MgCl 2 (Ca/Mg PBS), and cell-surface proteins biotinylated by incubating for 30 min at 4°C with 0.5 mg/ml N-hydroxysuccinimide long chain biotin (NHS-LC-biotin) in Ca/ Mg PBS. The biotinylation reaction was quenched as described previously [31] and cells solubilized in 2.0 ml of buffer A. Glucose transporters were then immunoprecipitated with GLUT1 mAb (5 m g/ml) and separated by electrophoresis on 10 % SDS gels. Proteins were transferred to Trans Blot nitrocellulose membranes by electroblotting at 180 mA for 1 h (transfer buffer as described above). Filters were soaked in PBS-T (PBS, 0.1 % tween 20) containing 10 % non-fat dry milk for 2 h at room temperature, rinsed in PBS-T, and further incubated for 1 h in the same buffer containing horseradish peroxidase-linked streptavidin (Amersham) at 1:1500 dilution. Filters were washed in PBS-T and enhanced chemioluminescence detection was performed according to the manufacturer's protocol (ECL Western Blotting Detection Reagents, Amersham). For detection of intracellular GLUT1 transporters in fibroblasts, low-density microsomal subfractions were isolated as reported previously [32] . Microsomal proteins were separated by electrophoresis on 10 % SDS gels and then blotted as described above. Transporters were probed with GLUT1 mAb followed by 125 I-protein A detection and densitometric quantitation.
For studies in muscle, purified plasma membranes were first prepared by sucrose gradient separation as described previously [33] . Relative to the crude membrane fractions, the plasma membranes were almost five-fold enriched in 5 ′-nucleotidase activity and Na + /K + ATP ase content. Plasma membrane proteins were separated by SDS-PAGE and blotted as previously described [33] . Detection of glucose transporters was made using GLUT1 mAb followed by reaction with 125 Iprotein A, autoradiography and quantitation by laser densitometry.
Results
Primary cultures of skin fibroblasts from 12 unrelated NIDDM subjects and 17 non-diabetic (control) individuals were obtained. Their clinical characteristics are shown in Table 1 . The NIDDM individuals were selected for having at least one parent and one additional first-degree relative affected. Obese as well as NIDDM subjects had fasting hyperinsulinaemia indicating insulin resistance.
We have studied glucose transport in fibroblasts from these individuals by measuring the initial rate of 2-deoxyglucose (2-DG) uptake both in the absence and in the presence of insulin. To this end, the cells were used upon an identical number of generations in culture and, at variance with previous studies [20, 21, 23] , with no prolonged glucose deprivation. Results were analysed by subgrouping lean and obese subjects from the NIDDM and the control groups (Fig. 1) . In the absence of insulin, fibroblasts from lean non-diabetic individuals exhibited an average 2-DG uptake of 0.77 ± 0.06 nmol ⋅ min
(mean ± SD). Lean NIDDM subjects featured an average uptake of 1.15 ± 0.18 nmol ⋅ min -1 ⋅ mg -1 (almost 50 % higher; difference with the lean control subjects significant at the p < 0.001 level by unpaired t-test). A 45 % increased basal 2-DG uptake was also shown in cells from the obese NIDDM as well as the obese non-diabetic subjects (difference with lean control subject significant at the p < 0.01 level by unpaired t-test). In fibroblasts from all of these individuals, insulin induced an increase in 2-DG uptake which was statistically significant. This was 40 % above the basal in the lean control cells but only about 10 % in cells from the other groups of individuals (difference in the magnitude of insulin response in these latter groups and the lean control subjects significant at p < 0.01 by unpaired t-test). However, the average levels (absolute) of maximally insulin-stimulated uptake were not statistically different in any of the cell groups. While similar results were obtained using 3-0-methylglucose rather than 2-DG, basal and insulin-stimulated a -aminoisobutyric acid uptake did not show any difference in either the diabetic or the obese individuals when compared to those with normal glucose tolerance (not shown).
Lineweaver-Burk analysis showed that the increased basal 2-DG uptake by fibroblasts from the lean NIDDM individuals as compared to the lean non-diabetic subjects was accompanied by an increase in the V max from 7.50 ± 0.90 (mean ± SD; lean control subjects) to 9.8 ± 1.00 nmol ⋅ min ⋅ 10 -6 cells in the NIDDM fibroblasts. Similarly as with cells from the lean diabetic patients, the increased levels of basal 2-DG uptake and the decreased insulin stimulation noted in the obese patients (both in those with NIDDM and those with normal glucose tolerance) as compared to the lean non-diabetic individuals were accompanied by changes in the V max for the transport with no variation in the K M (not shown).
To further address the mechanisms responsible for altered glucose uptake in obese and NIDDM fibroblasts, we first studied the insulin receptor function since its activity is an important variable affecting glucose transport in cells. As shown in Table 2 , however, there was no significant difference in receptor binding, autophosphorylation and kinase activities between the different groups of individuals. Hexokinase activity was also measured in fibroblast extracts since phosphorylation is the only metabolic step involving 2-DG once it enters into the cells. However, as with receptor functions, we found no difference in the NIDDM and the obese subjects compared with control individuals (Table 2) . Therefore, the differences in 2-DG uptake measured in fibroblasts from NIDDM and obese subjects were not attributable to variable cell aging, different receptor function or intracellular glucose phosphorylation.
Next, we estimated the amount of glucose transporters at the cell surface by analysing cytochalasin B binding to fibroblast plasma membrane preparations. As shown in Figure 3 , plasma membrane preparations were obtained from both insulin-exposed and basal cells. Basal membranes from the lean control and NIDDM cells bound 5.40 ± 0.60 (mean ± SD) and 7.60 ± 1.20 pmol cytochalasin/mg protein (41 % difference, significant at the p < 0.01 level by unpaired t-test). Cytochalasin B binding to basal membranes from the obese non-diabetic and the obese NIDDM individuals was 7.30 ± 1.1 and 7.50 ± 1.30 pmol, respectively (difference with lean control subjects significant at the p < 0.01 level by unpaired Fig. 1 . 2-DG uptake in fibroblasts from NIDDM and non-diabetic individuals. Confluent monolayers of cells from lean non-diabetic (n = 12), obese non-diabetic (n = 5), lean NIDDM (n = 7), and obese NIDDM individuals (n = 5) were incubated in the absence or the presence of 100 nmol/l insulin for 45 min as indicated. The initial rate of 2-DG uptake was then measured as described in Materials and methods. Each data point represents the mean of at least three independent determinations in cells from an individual subject. The horizontal bars represent the means of the data point values in each subgroup of individuals Fig. 2 . Lineweaver-Burk analysis of 2-DG transport in fibroblasts from lean NIDDM and lean non-diabetic individuals. Confluent monolayers of cells from the NIDDM (n = 7) and non-diabetic individuals (n = 12) were incubated in the absence or the presence of insulin as in Figure 1 . The uptake was then measured at the indicated concentrations of 2-DG as described under Materials and methods. Data point represent the mean of the values ± SD obtained in cells from the diabetic (triangles) and control individuals (circles), in the absence (full symbols), or the presence (empty symbols) of insulin. For each individual, at least two independent determinations were performed t-test). Upon insulin stimulation, cytochalasin B binding increased to 11.20 ± 2.00 pmol in lean control subjects (110 % increase; variation significant at the p < 0.001 level). Similar to 2-DG uptake, however, it showed much smaller changes in all of the other groups of membrane preparations (41, 31 and 40 % increase in those from obese non diabetic individuals, lean NIDDM and obese NIDDM, respectively; p < 0.01 by unpaired t-test). In each of the four groups of cells, cytochalasin B binding exhibited a significant correlation with 2-DG transport both in the absence and in the presence of insulin (not shown). Since GLUT1 is the major transporter isoform expressed in human fibroblasts, we reasoned that the increased insulin-independent cytochalasin B binding shown in plasma membranes from basal NIDDM and obese cells could depend on alterations of its cellular mRNA levels as well as on different total cellular GLUT1 protein levels. However, quantitation of GLUT1 mRNA by dot blot analysis revealed no difference in specific RNA levels between lean control, NIDDM, and obese fibroblasts (Fig. 4, top) . Similarly, based on Western blot analysis of post-nuclear fractions, there was no significant difference in GLUT1 protein levels between the different groups of cells. We then addressed the hypothesis that GLUT1 content at the cell-surface rather than GLUT1 total content could differ in the NIDDM and the obese subjects as compared to the lean control subjects. To this end, GLUT1 plasma membrane content was compared in NIDDM and control fibroblasts by biotinylating cell membrane proteins in the intact cells followed by cell solubilization and transporter precipitation with GLUT1 mAb and detection with peroxidase-conjugated streptavidin. In cell lysates, these antibodies precipitated a major 45 K species corresponding to the GLUT1 transporter. Interestingly, under basal conditions, the band was approximately 60 % fainter in plasma membranes from lean control subjects than in those from either the NIDDM or the obese individuals ( Fig. 5, top ; difference between the lean control subjects and each of the other groups significant at the p < 0.02 level by unpaired t-test). Consistently, microsomal membranes from basal NIDDM and obese fibroblasts revealed a 44 % reduced GLUT1 content as compared to those from lean non-diabetic individuals (p < 0.01 by unpaired t-test). Insulin exposure of lean non-diabetic fibroblasts induced an 80 % increase in biotinylated cellsurface GLUT1 (p < 0.001) and a similarly sized decrease in microsomal GLUT1. In comparison, in cells from the NIDDM and obese individuals, insulin stimulation increased plasma membrane GLUT1 by only 3-15 %, while inducing a correspondingly smaller decrease of that in the low-density microsomes (difference between the lean control subjects and each of the other groups significant at the p < 0.02 level by unpaired t-test). Purified plasma membranes of skeletal muscle tissue from the obese and NIDDM fibroblast donors also showed a 23 and 31 % The data represent the mean ± SD Fig. 3 . CB binding to fibroblast plasma membranes from NIDDM and non-diabetic individuals. Fibroblasts were incubated in the absence or the presence of insulin as in Figure 1 . Cells were then harvested for plasma membrane preparation and CB-plasma membrane binding was determined as reported under Materials and methods. Bars represent the mean of the values ± SD obtained with cells from the diabetic and non-diabetic individuals. For each subject, at least three independent determinations were performed increased GLUT1 content compared to lean nondiabetic control subjects ( Fig. 6, top ; p < 0.05 by unpaired t-test). The plasma membrane marker Na + / K + ATPase did not show any difference between the three groups (Fig. 6, middle) . As was the case for the fibroblasts, no significant difference was observed in GLUT1 mRNA content of muscle in the 3 groups of individuals (Fig. 6, bottom) .
To further address the significance of the different glucose uptake observed in the NIDDM and the obese subjects, we calculated correlation coefficients for basal and insulin-dependent glucose transport and the following variables: age, sex, body mass index, diabetes duration, fasting plasma insulin, and glucose concentrations, and HbA 1C . As shown in Figure 7 (top) , basal levels of glucose uptake by the fibroblasts significantly correlated with those of in vivo fasting plasma insulin. At variance with the basal, a negative correlation was observed between insulin-mediated glucose uptake in fibroblasts and in vivo fasting plasma insulin levels. Thus, when the lean and obese NIDDM and non-diabetic subjects were analysed together, it appeared that those individuals exhibiting low insulin levels also showed reduced basal glucose uptake and high insulin effectiveness in fibroblasts. Conversely, those individuals which featured high fasting plasma insulin levels also exhibited high levels of basal glucose uptake and small insulin effectiveness. No other variable correlated with either the basal or the insulin-dependent fibroblast glucose uptake.
Discussion
In the present report, we have investigated potential abnormalities in GLUT1 function in NIDDM and obesity. Although not playing any major role in the overall glucose homeostasis, skin fibroblasts represent a convenient system for these studies since: i) they largely express GLUT1 as glucose transporter [34] ; and ii) they can be cultured for several generations outside of the donor milieu so that abnormalities in their functional properties can be attributed to genetic rather than environmental factors [35] [36] [37] . This distinction cannot be as easily achieved for more legitimate insulin targets such as differentiated muscle tissue and adipocytes, where insulin resistance appears to be significantly contributed by secondary factors [38] [39] [40] in addition to the genetic background of the donor [8] .
We have shown that, in the basal (i. e. non-insulinstimulated) state, the initial rate of 2-DG uptake is significantly higher in the NIDDM fibroblasts as compared to cells from lean non-diabetic patients. This basal increase corresponded to a decrease in the magnitude of the insulin-stimulated uptake in the diabetic patients. These differences were not due to variable fibroblast aging since all cells were used upon an identical number of generations in Fig. 4 . GLUT1 mRNA and total protein levels in fibroblasts from NIDDM and non-diabetic individuals. GLUT1 mRNA (top) and protein (bottom) levels were determined by dot blot and Western blot analysis, respectively as described under Materials and methods. Quantitation of the labelled spots and bands were performed by densitometry and is reported in the figure as arbitrary units. Bars represent the mean ± SD of at least duplicate determinations in each individual subject Fig. 5 . GLUT1 content of plasma membranes and low-density microsomes in fibroblasts from NIDDM and non-diabetic individuals. Cell-surface GLUT1 transporters were identified upon immunoprecipitation of biotinylated cell protein with GLUT1 mAb followed by detection of blotted transporters with horseradish peroxidase and enhanced chemiluminescence as described under Materials and methods. The identification of intracellular transporters was achieved by blotting and GLUT1 mAb probing microsomal proteins followed by detection with 125 I-protein A. In both cases, the intensity of the transporter bands was quantified by densitometry and is reported as arbitrary units. Bars represent the mean ± SD of duplicate determinations in each individual subject culture. In addition, they remained detectable in both low and high passage cells indicating they were not affected by aging itself. Fibroblasts from NIDDM and lean control individuals were almost completely segregated from each other in terms of the basal uptake levels suggesting that the high basal uptake may represent a common defect in this type of diabetes. Previous work on fibroblasts from NIDDM subjects has not reported significant differences in glucose uptake with non-diabetic individuals [20, 21] . At least in part, this apparent discrepancy is due to technical differences in the assay procedures. In this study, the cells were subjected to a much shorter period of glucose deprivation than in previous studies (see Methods) thus avoiding plasma membrane up-regulation of GLUT1. Under these conditions, we optimized the detection of primary differences in basal 2-DG uptake and cell-surface transporters between control subjects and other groups of individuals (data not shown). In addition, in the present study, the NIDDM individuals were selected for their strong family history of diabetes. This may have determined the selection of subjects with a stronger genetic background than in previous works, contributing to their group segregation. Consistent with this, abnormalities in insulin action have not been found in previous work on fibroblasts from unselected NIDDM individuals [20, 21, 23, 36, 41] while recently in NIDDM fibroblasts, selected as in the present study, Wells et al. [35] reported a genetically determined abnormality in the activation of glycogen synthesis. In NIDDM, no single genetic locus has been shown to be as prevalent as the abnormal glucose transport appears to be in the fibroblasts [42] . Also, the GLUT1 gene locus itself shows no linkage with NIDDM [43] . We might have randomly selected a very homogeneous group of individuals sharing the same genetic defect in basal glucose transport. More likely, the genetic determinant(s) of the abnormal glucose transport in fibroblasts are downstream of the NIDDM susceptibility gene(s) and alterations of several discrete Fig. 6 . GLUT1 mRNA and GLUT1 protein plasma membrane content in skeletal muscle from NIDDM and non-diabetic individuals. GLUT1 mRNA in surgical specimens of skeletal muscle was determined by dot blot analysis as described in Materials and methods. GLUT1 protein content of purified plasma membrane preparations from the same specimens was determined by Western blot analysis. ATPase content in the plasma membranes was controlled by probing the same filters with a 1 -Na + /K + ATPase antibodies. Quantitation of the spots/bands was achieved by densitometry and is reported in the figure as arbitrary units. Bars represent the mean ± SD of duplicate determinations in each individual subject Fig. 7 . Correlation between 2-DG uptake by fibroblasts and fasting plasma insulin of the donors. Correlation coefficients were calculated between basal (top panel) or insulin-dependent (bottom panel) uptake and insulin levels in lean NIDDM (X), obese NIDDM (8), lean non-diabetic (U) and obese non-diabetic individuals (R). Regression lines were computer generated susceptibility genes may all have the same effect on fibroblast glucose transport.
As in the obese NIDDM patients, obese individuals with normal glucose tolerance and a strong family history of obesity showed increased basal and decreased insulin-stimulated 2-DG uptake suggesting the presence of the same primary abnormality in both NIDDM and simple obesity. As for NIDDM, the development of obesity is also influenced by several genes [44] although the mechanism is unclear. Interestingly, in cells from obese and NIDDM patients, as well as in those from non-diabetic non-obese subjects, basal 2-DG uptake exhibited an highly significant correlation with fasting plasma insulin levels. The magnitude of insulin effect on glucose transport in these cells was also negatively correlated with fasting plasma insulin. Thus, the hyperinsulinaemic individuals exhibited in vitro insulin resistance suggesting they might also exhibit insulin resistance in vivo and in tissues relevant to glucose disposal. Supporting this view, previous works [45] have shown that hyperinsulinaemia is a marker of insulin resistance of glucose disposal in both NIDDM and obesity. We suggest therefore that the abnormalities in fibroblast glucose uptake we report might also represent a marker for insulin resistance in NIDDM and obese individuals.
Previous in vitro studies in adipocytes and muscle preparations showed depressed or unchanged basal glucose uptake in NIDDM and obesity [15] [16] [17] . However, other investigators demonstrated that, in vivo, non-insulin-dependent glucose uptake is elevated in forearm muscle from NIDDM individuals as compared to that in control individuals at equal blood glucose levels [24] . These apparently conflicting results are likely to reflect variability in the model systems adopted in the different studies. In this regard, it is important to underline that the increased 2-DG uptake we describe in the present report may not necessarily result in augmented basal glucose uptake in vivo.
The abnormal 2-DG uptake in fibroblasts from NIDDM and obese subjects was accompanied by increased cytochalasin B plasma membrane binding and plasma membrane basal content of the GLUT1 transporter. These changes did not appear to be restricted to fibroblasts since increased plasma membrane content was also observed in skeletal muscle from the same NIDDM and obese individuals. The changes were unlikely to result from a basic defect in insulin signalling since binding as well as kinase activities of the insulin receptor were not different in the fibroblasts from the various groups of subjects. In addition, similar to previous studies [18] , GLUT1 total protein and mRNA levels were essentially identical in fibroblasts from control and NIDDM individuals. We suggest therefore that genetic determinant(s) may result in a constitutive plasma membrane recruitment of GLUT1 in fibroblast and skeletal muscle of NIDDM and obese subjects.
Handleberg et al. [25] have recently shown that genetically diabetic and obese Zucker rats exhibit increased GLUT1 cell-surface content in skeletal muscle. This abnormality was only partially reverted after normalization of blood glucose levels suggesting that, at least in part, it was genetically determined in this animal model. In addition, these authors found that, in the same rat muscle membrane preparations, GLUT1 and GLUT4 cell-surface content were inversely correlated. Evidence for reciprocal regulation of GLUT1 and GLUT4 has also been obtained in adipocytes [46, 47] , cultured muscle cells [48] [49] [50] and skeletal muscles from transgenic animals overexpressing GLUT1 [13] . One might speculate therefore that the augmented GLUT1 plasma membrane content we have shown in fibroblasts and muscle tissue from NIDDM and obese individuals might impair GLUT4 cell-surface translocation or functions and contribute to insulin resistance in these tissues.
